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Abstract of JP8001007 

PURPOSE:To provide a production method of a new monolithic catalyst for purification of exhaust qas 
by which, a carrying layer of fine particles having catalytic activity such as zeolite can be formed to 
"kIhk h Pr ?iP er th,ckness on the surface of a monolithic carrier, and moreover, strong adhesion is 
obtd. between the carrier and the carrying layer. CONSTITUTION :This monolithic catalyst is obtd by 
forming a carrying layer containing metal oxide and fine particles having catalytic activity such as 
zeolite on a monolithic carrier, and further, depositing catalyst metal on the carrying layer. In this 
production process the carrying layer is formed by producing the metal oxide by hydrolysis of the 
source compd. of the metal oxide in the presence of fine particles having catalytic activity such as 
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CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture approach of the monolithic catalyst for emission gas purification which 
forms a support layer in the carrier surface of a monolith type, contains the particle in which said 
support layer has a metallic oxide and catalytic activity in the manufacture approach of the monolithic 
catalyst for emission gas purification of making this support layer supporting a catalyst metal, 
hydrolyzes the raw material compound of said metallic oxide for said support layer under said particle 
existence, is made to generate a metallic oxide, and is formed. 

[Claim 2] The manufacture approach of the monolithic catalyst for emission gas purification of claim 1 
which makes said catalyst metal support by at least one approach in the approach which said particle is 
made to support beforehand, the approach of making it live together on the occasion of said hydrolysis, 
and the approach of making it support after said hydrolysis. 

[Claim 3] The manufacture approach of the monolithic catalyst for emission gas purification of claims 1 
or 2 which perform said hydrolysis by heating using a urea or heating. 

[Claim 4] The weight ratio of said particle to the metallic oxide in said support layer, the manufacture 
approach of one monolithic catalyst for emission gas purification of claims 1-3 of making it said 
particle/metallic oxide become five or less. 

[Claim 5] The manufacture approach of one monolithic catalyst for emission gas purification of claims 
1-4 that said particle is a zeolite. 

[Claim 6] The monolithic catalyst for emission gas purification acquired by the manufacture approach of 
one monolithic catalyst for emission gas purification of claims 1-5. 

[Claim 7] The removal approach of the nitrogen oxides in the exhaust gas which the exhaust gas with 
superfluous oxygen produced by combustion of a fuel is contacted for said catalyst under existence of an 
organic compound using the monolithic catalyst for emission gas purification of claim 6, and removes 
the nitrogen oxides in said exhaust gas. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the removal approach of the nitrogen oxides in the 
combustion gas using this catalyst further about the manufacture approach of the monolithic catalyst for 
emission gas purification, and a monolithic catalyst. 
[0002] 

[Description of the Prior Art] As the removal approach of the nitrogen oxides in conventional exhaust 
gas, to the exhaust gas of a gasoline engine, an oxygen density is controlled by accommodation of 
air/fuel ratio, and the approach using a three way component catalyst is used widely (20 Funabiki, the 
collection of theoretical basic study group summaries of the Yamada "automobile catalyst" practical use 
catalyst, Catalysis Society of Japan PI 5- 1989). However, it cannot be used under the hyperoxia ambient 
atmosphere which it is invalid under a hyperoxia ambient atmosphere, and an air-fuel ratio becomes the 
Lean side by the above-mentioned approach, or Diesel motorcar exhaust gas. 

[0003] The removal approach of nitrogen oxides of making it contacting under coexistence of an organic 
compound etc. is proposed as the hydroforming zeolite catalyst which may support a metal for the 
exhaust gas which contains superfluous oxygen from such a situation, and the gamma-alumina or the 
silica-alumina catalyst which may support a metal (JP,2-149317,A, 3-181321, 4-156922, etc.). 
[0004] By the way, monolith-ization of a catalyst is needed, in order to fulfill conditions, such as a rate 
between altitude, and low voltage force loss, and to aim at efficient use on the occasion of utilization of 
a catalyst. Generally monolith-ization is performed by making the support of a monolith type support a 
catalyst, and the wash coat method is adopted as support of a catalyst. That is, it is the approach of the 
support of a monolith type being immersed into the slurry of a support object, making a support object 
adhere to support, and forming a support layer on support. 

[0005] Generally, it is the wash coat method, and when making a zeolite effective in exhaust gas with 
superfluous oxygen etc. support especially, a support layer tends to exfoliate, or it is uniform and 
formation of the support layer of thickness which achieves the function as a catalyst bed enough tends to 
become difficult. Moreover, it is easy to blockade the hole of support and being spread [ of gas ] is easy 
to become inadequate. 

[0006] As what improves these points, the viscosity of the slurry containing a zeolite is adjusted to JP,4- 
224 109, A, and the approach of forming the uniform thick high support layer of peeling resistance is 
indicated. Moreover, a zeolite is used for a support layer, the pore from which three sorts of apertures 
differ is formed in JP,1-135542,A, and the thing which enabled it to fully diffuse gas is indicated. 
[0007] In spite of trying various improvements, when making especially a zeolite support with the wash 
coat method as mentioned above, since compatibility with support is small, a limitation is in making a 
carrier surface support to homogeneity, and the fault of being easy to exfoliate in gaseous phase reaction 
from support is not fully canceled, either. Moreover, since formation of a uniform support layer is 
difficult, on the occasion of the support stratification, it is easy to produce lock out of the hole of 
support, and there is also a problem that a catalyst function cannot be discovered enough by this. 
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[0008] 

[Problem(s) to be Solved by the Invention] The purpose of this invention is to offer the manufacture 

- approach of the new monolithic catalyst for emission gas purification that lock out of the hole of support 
can be prevented in the first place, while being able to form in the carrier surface of a monolith type the 
'support layer with the catalytic activity of the zeolite which has uniform and moderate thickness of a 

- particle and being able to strengthen adhesion with support and a support layer. 

[0009] It is in providing the second with the monolithic catalyst for emission gas purification excellent 

in endurance and a catalyst function by the above-mentioned manufacture approach. 

[0010] It is in using the above-mentioned catalyst for the third, and offering the removal approach of the 

nitrogen oxides in the exhaust gas which can remove nitrogen oxides effectively under a hyperoxia 

ambient atmosphere. 

[0011] 

[Means for Solving the Problem] Such a purpose is attained by this invention of following the (1) - (7). 

(1) The manufacture approach of the monolithic catalyst for emission gas purification which forms a 
support layer in the carrier surface of a monolith type, contains the particle in which said support layer 
has a metallic oxide and catalytic activity in the manufacture approach of the monolithic catalyst for 
emission gas purification of making this support layer supporting a catalyst metal, hydrolyzes the raw 
material compound of said metallic oxide for said support layer under said particle existence, is made to 
generate a metallic oxide, and is formed. 

(2) The manufacture approach of the monolithic catalyst for emission gas purification the above (1) 
which makes said catalyst metal support by at least one approach in the approach which said particle is 
made to support beforehand, the approach of making it live together on the occasion of said hydrolysis, 
and the approach of making it support after said hydrolysis. 

(3) The above (1) which performs said hydrolysis by heating using a urea or heating, or the manufacture 
approach of the monolithic catalyst for emission gas purification of (2). 

(4) The weight ratio of said particle to the metallic oxide in said support layer, the manufacture approach 
of one monolithic catalyst for emission gas purification of above-mentioned (1) - (3) of making it said 
particle/metallic oxide become five or less. 

(5) The manufacture approach of one monolithic catalyst for emission gas purification of above- 
mentioned (1) - (4) that said particle is a zeolite. 

(6) The above (1) Monolithic catalyst for emission gas purification acquired by the manufacture 
approach of one monolithic catalyst for emission gas purification of - (5). 

(7) The removal approach of the nitrogen oxides in the exhaust gas which the exhaust gas with 
superfluous oxygen produced by combustion of a fuel is contacted for said catalyst under existence of an 
organic compound using the monolithic catalyst for emission gas purification of the above (6), and 
removes the nitrogen oxides in said exhaust gas. 

[0012] 

[Elements of the Invention] Hereafter, the concrete configuration of this invention is explained to a 
detail. 

[0013] The monolithic catalyst for emission gas purification of this invention forms the support layer 
containing the particle which has the catalytic activity of a metallic oxide, a zeolite, etc. in the carrier 
surface of a monolith type, and makes this support layer support a catalyst metal. 
[0014] The support layer in this case hydrolyzes the raw material compound of a metallic oxide, makes a 
metallic oxide generate, and is formed in the bottom of existence of a particle with the catalytic activity 
of a zeolite etc. 

[0015] Thus, by using the approach by hydrolysis, compared with the case where support is immersed 
and a support layer is formed with a wash coat into the slurry containing the conventional zeolite 
metallurgy group oxide, the adhesion to the support of a support layer becomes firm, and formation of 
the support layer which makes slurry concentration low and has uniform and moderate thickness is 
attained. Moreover, lock out of the hole of support can be prevented. Since the metallic oxide is made to 
contain in a slurry by the wash coat method, it is thought of because the metallic oxide exists in the form 
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near a continuation layer by this invention to it being thought within a support layer that it exists as a 
metallic-oxide particle that such effectiveness is acquired by this invention, in order to pass through a 
chemical reaction called a hydrolysis reaction. 

[0016] Therefore, the catalyst acquired by doing in this way has an enough function as a catalyst, and is 
excellent in endurance. As for such a catalyst, it is desirable to use as a denitrification catalyst at the 
time of removing the nitrogen oxides in exhaust gas with superfluous oxygen. 

[0017] In this invention, formation of a support layer is performed as a particle with catalytic activity by 
hydrolyzing the raw material compound (henceforth a "raw material compound") of a metallic oxide 
under existence of a zeolite. By this invention, since it is desirable to use a zeolite as a particle with 
catalytic activity, it explains centering on a zeolite below. 

[0018] Specifically, the water slurry which made the raw material compound and the zeolite contain is 
prepared first. At this time, the raw material compound is in the water-solution condition in the water 
slurry, and is in the condition that the zeolite was distributed in this. On the occasion of preparation of 
this water slurry, there is especially no limit in the addition sequence of a raw material compound and a 
zeolite, and after adding these things in water at coincidence also prepares the water solution of a raw 
material compound, it can also add a zeolite. 

[0019] The content of the raw material compound in a water slurry is 10 - 500 g/1, and further 10 - 300 
g/1. Carrying out is desirable. 

[0020] The content of a zeolite is 1 - 150 g/1, and further 30 - 80 g/1. Carrying out is desirable. 
[0021] In addition, in each of a raw material compound and a zeolite, when you use two or more sorts, 
let the amount of above be the total quantity. The above-mentioned content is set up so that it may 
convert into the total quantity of the hydrolysis product and zeolite after hydrolysis and may be set to 
50-75g/l. 

[0022] Making it be the above [ the presentation of a water slurry ], by things, the description of the 
support layer formed can be raised and the effectiveness of this invention improves. 
[0023] Next, the support of a monolith type is immersed into the above-mentioned water slurry, and a 
raw material compound is hydrolyzed. As for hydrolysis, it is desirable to carry out by whether it heats 
using a urea or it heats. 

[0024] By the approach using a urea, a urea is added in a water slurry, heating decomposes a urea, 
ammonia is generated, and neutralization hydrolysis is performed. What is necessary is just to let it be 
the equivalent 2 double equivalent - 20 times to a raw material compound preferably, although the 
addition of the urea at this time changes also with raw material compounds to be used. What is 
necessary is just to perform heating that what is necessary is just to perform urea decomposition by 
heating the water slurry which added the urea, so that the temperature of a water slurry may become 
about 90-100 degrees C. 

[0025] Moreover, what is necessary is just to heat with the raw material compound to which hydrolysis 
advances only with heat, that what is necessary is just to heat a water slurry, so that the temperature of a 
water slurry may become about 60-100 degrees C. 

[0026] Since it ends in about 3-18 hours, the above-mentioned hydrolysis reaction should just carry out 
the above-mentioned time amount maintenance of the water slurry at the above-mentioned temperature. 
Moreover, stirring during this reaction is desirable. Thereby, a hydrolysis reaction advances to 
homogeneity. 

[0027] Then, the support in which the support layer containing a zeolite and a metallic oxide was formed 
is pulled up out of a water slurry, and it dries at the temperature of 100-200 degrees C for 3 to 20 hours. 
[0028] Support of the catalyst metal (it is also called an "active metal".) which a support layer is made to 
support i) also by the approach of making a catalyst metal containing in ii water slurry, and making 
hydrolysis and coincidence supporting a catalyst metal also by the approach of making the zeolite 
supporting a catalyst metal beforehand or - After iii hydrolysis, also by the approach of making a 
catalyst metal supporting, it is good and these approaches can also be farther used together. 
[0029] First, the case where one approach in the three above-mentioned approaches is applied according 
to an individual is described. 
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[0030] i) - the approach of making the zeolite supporting a catalyst metal beforehand - a catalyst metal 
is made to support after using a zeolite as H mold by the well-known approach Although there is an 

. indirect method hydrogenated by carrying out heating baking and removing ammonia gas and which 
approach may be used after permuting by the approach of obtaining the zeolite of H mold, by NH4+ the 
'direct method which washes repeatedly and is processed by the mineral acid, and by processing the 

- cation in a zeolite with NH4+ content water as indicated by JP,2-149317,A, JP,3-181321,A, etc., in this 
invention, it is usually based on a direct method. What is necessary is just to process at 20-100 degrees 
C for about 0.5 to 100 hours, using the hydrochloric acid of 1 - 18 convention extent etc. as a mineral 
acid. 

[003 1] As an approach of supporting a catalyst metal, the approach of feeding the zeolite of the above- 
mentioned H mold into the water solution of the compound of a catalyst metal, and stirring it is usually 
used as indicated by the above-mentioned official report etc. Concentration of the water solution of the 
compound of a catalyst metal is made into about 0.0 1-1 0M, and the processing time makes processing 
temperature about 20-100 degrees C for about 0.5 to 5 hours. Moreover, what is necessary is for the 
ratio (liquid-solid ratio) of the water solution and zeolite in such processing to be a volume ratio, and 
just to make it a water solution/zeolite set to 1-10. After such processing, it filters and dries at 100-200 
degrees C for about 3 to 20 hours. Thus, the zeolite which the catalyst metal supported is obtained. 
[0032] Moreover, as a method of supporting a catalyst metal, the water solution of the compound of a 
catalyst metal and after [ contact ] NH4+ content water can be made to be able to contact, and the 
approach of carrying out afterbaking deammonia and the method of making the water solution of the 
compound of a catalyst metal contact immediately after a NH4+ permutation can be used so that it may 
be indicated by the above-mentioned official report etc. depending on the case. 
[0033] ii) What is necessary is just to make the compound of a catalyst metal contain in the approach 
aforementioned water slurry which makes hydrolysis and coincidence support a catalyst metal. There is 
especially no limit in the addition sequence of the compound of a catalyst metal that what is necessary is 
to add in the case of water slurry preparation, for example, the raw material compound and coincidence 
of a metallic oxide, and just to carry out considering as a water solution etc. What is necessary is just to 
usually set the addition of the compound of the catalyst metal in a water slurry to 1 / 10 - 1/1000 1/10 or 
less by the atomic ratio of a metal atom to the raw material compound of a metallic oxide. 
[0034] iii) The support which formed the support layer as mentioned above is added and contacted in the 
water solution of the compound of the approach catalyst metal which makes a catalyst metal support 
after hydrolysis. Stirring is desirable after adding support. Although what is added may be Ushiro's thing 
which formed the support layer and was dried as mentioned above or may be a thing before desiccation, 
it is usually taken as the thing after desiccation. What is necessary is to make concentration of the 
compound of the catalyst metal in the above-mentioned water solution into about 0.1-10M, and just to 
process it at the temperature of 20-100 degrees C for about 0.5 to 20 hours. 
[0035] Next, i-iii The case where an approach is used together is described. 

[0036] iv) 10 - 90wt% of the whole quantity of the catalyst metal with Above i and ii which carries out 
concomitant use support Extent is made to support by the approach of Above i, and the remainder is 
made to support by the approach of Above ii. What is necessary is just to carry out by specifically 
adjusting the water solution to be used, the amount of the compound of the catalyst metal in a water 
slurry, etc. according to the approach of Above i and ii. 

[0037] v) Above ii iii 10 - 90wt% of the whole quantity of a catalyst metal which carries out 
concomitant use support Extent is made to support by the approach of Above ii, and the remainder is 
described above, iii It is made to support by the approach. Specifically, they are Above ii and iii. What is 
necessary is just to carry out by adjusting the water slurry to be used, the amount of the compound of the 
catalyst metal in a water solution, etc. according to an approach. 

[0038] vi) Above i iii 10 - 90wt% of the whole quantity of a catalyst metal which carries out 
concomitant use support Extent is made to support by the approach of Above i, and the remainder is 
described above, iii It is made to support by the approach. Specifically, they are Above i and iii. What is 
necessary is just to carry out by adjusting the amount of the compound of the catalyst metal in the water 
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solution to be used etc. according to an approach. 

[0039] vii) Above i and ii iii 10 - 90wt% of the whole quantity of a catalyst metal which carries out 
concomitant use support Extent is made to support by the approach of Above i, and it is 10 - 90wt%. 
Extent is made to support by the approach of Above ii, and the remainder is described above. It is made 
to support by the approach of iii. Specifically, they are Above i and ii and iii. What is necessary is just to 
carry out by adjusting the water solution to be used, the amount of the compound of the catalyst metal in 
a water slurry, etc. according to an approach. 

[0040] By above all, although support of a catalyst metal is good, it uses two approaches together, it is 
[ direction ] desirable and its concomitant use like especially iv is desirable. 

[0041] In addition, what is necessary is just to let the total quantity be the above-mentioned range, when 
you use two or more sorts of catalyst metals. 

[0042] As mentioned above, after forming a support layer and making a catalyst metal support, it 
calcinates if needed. When calcinating, it is inert atmospheres, such as rare gas, such as an oxidizing 
atmosphere or nitrogen gas, such as air, and Ar, and it is 300-600 degrees C in temperature, and carries 
out under ordinary pressure for about 1 to 5 hours. 

[0043] The monolithic catalyst in this invention means the catalyst supported by the support of the 
monolith type which unified a coil and the catalyst fixed bed, and is common. [ of a honeycomb 
catalyst ] This thing does [ pressure loss can be made small and ] with a big space velocity and is 
advantageous. 

[0044] The support of a monolith type used for this invention is the structure of having the stoma of a 
large number penetrated in parallel, and, generally the so-called honeycomb structure which has the 
stoma of a large number extended to the flow direction of exhaust gas is used. Moreover, you may be 
the monolithic of a three-dimensional network. What is necessary is just to usually make the 
configuration of support into the shape of cylindrical and the square pole etc. that what is necessary is 
just to choose according to the installation of the exhaust air system to apply. What is necessary is just to 
also choose magnitude according to the purpose and an application. 

[0045] The forms of a hole may be various things, such as a hexagon, a square, a triangle, and a round 
shape, magnitude of a hole is made into the area per piece, and it is 2 0.01 -lcm. What is necessary is just 
to consider as the thing of extent, a hole — a number — support lcm2 per — they are about (it converts 
into per [ 1 inch2 ] and they are about 100-800 pieces) 15-125 pieces. 

[0046] As the quality of the material of support, although there is especially no limit, the ceramics of 
cordierite, a silica, silicon carbide, silicon nitride, a mullite, zircon, an alumina, and aluminum titanate 
etc. is mentioned. Moreover, it may be called the metal honeycomb which consists of various metals. 
[0047] It is also called a zeolite and the zeolite in this invention is M2/n 0-aluminum2 03, xSi02, and 
yH2 O (M=Na). It is expressed with the general formula of a valence, x=2-10, and y=2-7, and K, 
calcium, Ba, and n are 0(aluminum, Si) 4. It has the structure with which alkali alkaline earth metal and 
a water molecule went into the hole in the three-dimensional network with which a tetrahedron shares 
and builds top-most vertices. 

[0048] Especially a limit may not be in the zeolite used in this invention, and it may be natural zeolite, 
such as mordenite and clinoptilolite, or you may be permutite, such as Y mold, an L type, an ofrettite 
erionite mixed-crystal mold, a mordenite mold, a ferrierite mold, ZSM-5 mold, and ZSM-1 1 mold. What 
is necessary is to choose one or more sorts suitably and just to use them out of these. 
[0049] There is especially no limit in the particle size of a zeolite, and it is usually about 1-1000 
micrometers as a primary particle, and you may grind if needed in the phase of preparing the 
aforementioned water slurry. 

[0050] In addition, as for especially the Si/aluminum ratio (atomic ratio) in a zeolite, 10-1000 are [ five 
or more ] desirable. 

[0051] In this invention, although a zeolite is desirable as a particle with catalytic activity, gamma- 
alumina, silica alumina, niobium oxide, etc. can be used, the particle size of these things — a zeolite - 
the same ~ 1-1000 micrometers it is . 

[0052] In this invention, as a metallic oxide which forms a support layer with a zeolite It considers as 
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Mg and 3 (3 A) group element as a 2 (2A) group element, and oxides, such as Sn, are mentioned as 
aluminum and a 14 (4B) group element as Zn and a 13 (3B) group element as Nb and a 12 (2B) group 
element as Ti, Zr, and a 5 (5A) group element as La and a 4 (4A) group element. Specifically, they are a 
magnesia, an alumina, a titania, a zirconia, niobium oxide, the tin oxide, a lanthanum trioxide, a zinc 
"oxide, etc. Especially, an alumina, a titania, a zirconia, etc. are desirable. 

[0053] Although there is usually one metal kind of the metallic oxide contained in a support layer, it 
may be two or more sorts depending on the case. 

[0054] Although hydrolysis of the raw material compound of a metallic oxide is made to generate a 
metallic oxide as mentioned above in this invention, as a raw material compound at this time, you may 
be a metal alkoxide, complex salt, an organometallic compound, etc. at metal salts, such as halogenides, 
such as a nitrate of that metal, a sulfate, and a chloride, acetate, and an oxalate, and a pan according to 
the metal of a corresponding metallic oxide, concrete — aluminum (N03)3, La (N03)3, ZrOC12, Zr 
(N03)4, Zn (N03)2, and SnC12 etc. - it is mentioned. 

[0055] When it is a titania etc., after hydrolyzing a metal alkoxide (for example, titanium 
tetraisopropoxide) in alcohol (for example, the above-mentioned example isopropyl alcohol) and 
obtaining the hydroxide (titanium water oxide) of titanium in the above-mentioned metallic oxide, it 
may change into a titanium nitrate with a nitric acid etc., and you may use it for hydrolysis, in this way, 
the titanium nitrate and Ti (S04)2 which were obtained, and TiC14 etc. — in a titanium compound, even 
if it does not use a urea, a hydrolysis reaction advances only with heating. 

[0056] As mentioned above, especially although there is especially no limit in the ratio of the zeolite and 
metallic oxide in the support layer which hydrolyzed and formed the raw material compound of metallic 
compounds in the bottom of existence of a zeolite, it is desirable that a zeolite/metallic oxide is 1-3 five 
or less in a weight ratio. 

[0057] By making this ratio into the desirable range, a zeolite will be supported by the support of a 
monolith type at stability, and a catalyst function improves. If this ratio becomes too much large, the 
adhesion effectiveness by the oxide will fall and a catalyst function will fall. In addition, this ratio is the 
same also in a particle with other catalytic activity. 

[0058] As a catalyst metal used for this invention, a transition-metals element and 16 (6B) groups 
metallic element are mentioned. As a 3 (3A) group element, as La, Ce, and a 5 (5 A) group element 
specifically V, As a 6 (6A) group element, as Cr, Mo, W, and a 7 (7A) group element Mn, They are Se, 
Te, etc. as Cu, Ag, Au, and 16 (6B) groups as nickel, Pd, Pt, and 1 1 (IB) groups as Co, Rh, and IrlO (8) 
group as Fe and Ru9 (8) group as Re and 8 (8) groups. 

[0059] These catalyst metals may use two or more sorts together, using only one sort. 

[0060] Especially, Co, Cu, nickel, Ag, etc. are desirable. In addition, as for La, Te, Se, etc., it is 

desirable to use it in concomitant use with Co etc. 

[0061] As mentioned above, although a water solution or a water slurry is made to contain the 
compound of a catalyst metal and support to the support layer of a catalyst metal is performed, the 
compound of the catalyst metal used at this time may be a nitrate, a chloride, ammonium salt, complex 
salt, etc. of the above-mentioned metal, concrete - Co (N03)2, AgN03, Cu (N03)2, and nickel (N03)2 
etc. - a nitrate, Co (CH3 COO)2, a palladium chloride, a rhodium chloride, chloroplatinic acid, 
ammonium metavanadate, VOC13, an ammonium molybdate, etc. can be mentioned. 
[0062] Thus, in the support layer of Ushiro who made the catalyst metal support, it is thought that the 
catalyst metal exists in a zeolite as a metal thru/or a metallic oxide. 

[0063] Moreover, it is thought that the metallic oxide in the support layer generated by hydrolysis has 
achieved the function to make a zeolite and support adhere. And since it is what is depended on 
hydrolysis, a metallic oxide exists in homogeneity in a support layer, and it exists as a continuation layer 
rather rather than it also tells a particle condition at homogeneity to a carrier surface, and it is thought 
that adhesion with a support layer and support is made firm. Moreover, the thickness of a support layer 
is also uniform. 

[0064] Therefore, although it is desirable to obtain 100% of the metallic oxide made to support with this 
invention by hydrolysis, depending on the case, adding after mixing of the oxides, such as alumina sol 
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after hydrolysis, may be carried out, and hydrolysis and oxide addition may be used together. 

[0065] Support lcm2 of a zeolite The amount of support of a hit is 0.0005-0.2g. It is extent and is 2 1cm 

. of support of a metallic oxide. The amount of support of a hit is 0.0005-0.2g. It is extent. 
[0066] The amount of support can be calculated by weight change before and behind support. 
"[0067] In addition, support of a catalyst metal is not limited to what is depended on the above wet 

- processes, but after it hydrolyzes and it forms a support layer, it may be performed with gaseous-phase 
plating, such as a spatter and Heat CVD. What is necessary is to just specifically be based on a well- 
known approach. 

[0068] Thus, by making the combustion gas containing nitrogen oxides contact under coexistence of the 
organic compound as a reducing agent, the catalyst of obtained this invention can remove nitrogen 
oxides alternatively, even if exhaust gas contains superfluous oxygen. 

[0069] The organic compounds used as a reducing agent are hydrocarbons, alcohol, a ketone, the ether, 
etc., and its fuels, such as a propane, gas oil, a gasoline, and a fuel oil, etc. are effective especially. 
[0070] Especially when using the fuel itself as a reducing agent especially, in car motor etc., it becomes 
very advantageous. In such a case, a pyrolysis and catalytic cracking decompose some fuels, a low 
molecular weight constituent is obtained, and the approach using this as a reducing agent is also 
effective. This approach is indicated by Japanese Patent Application No. No. 293719 [ three to ] by these 
people. 

[0071] In addition, in the case of a diesel power plant, a combustion gas is NOX. ; 700-1500 ppm 
Extent, 02 ; About 10-20vol%, S02 ; 50-200 ppm Extent and about H2 0;5-15vol% are included. 
[0072] Moreover, in the case of the gasoline engine by the side of Lean, it is NOX. ; 3000-5000 ppm 
Extent, 02 ; About 0.5-3 vol% and about H2 O;10-15vol% are included. 

[0073] A reducing agent is NOX in exhaust gas. It is desirable to add about 1 to 3.5 times especially one 
to 5 times by the weight ratio to an amount. 

[0074] Thus, the catalyst of this invention is 02. ; More than 0.5vol%, NOX ; It uses and is effective in 
about 5000 ppm or less and H2 0;5 - 15vol% exhaust gas. 

[0075] In addition, it is 300-600 degrees C, contact temperature, i.e., exhaust gas temperature, with 
exhaust gas, and, as for the catalyst of this invention, it is desirable to use on conditions [ as / whose 
space velocity of exhaust gas is 5000-50000hr-l ]. 
[0076] 

[Example] Hereafter, the example which shows this invention with the example of a comparison 
explains concretely. 

[0077] The sodium mold mordenite of Si/aluminum=15 was processed at 90 degrees C with the 
hydrochloric acid of 2 conventions for 2 hours, and the zeolite supported example 1 used it as H mold. 
At this time, a liquid-solid ratio is 3 (volume ratio). This zeolite was repeated with ion exchange water, 
washing filtration was carried out, and it washed until filtrate became neutrality. They are after 
desiccation and 0.2 mol/1 at 120 degrees C after that overnight. Co2 (N03) It processed at 90 degrees C 
with the water solution for 2 hours. At this time, a liquid-solid ratio is 3 (volume ratio). It filters after 
that, and one evening dried and Co which is an active metal was made to support with 120 degrees C 
beforehand. 

[0078] It is aluminum (N03)3 as a metallic-oxide raw material. It was used. They are Co mordenite 20g, 
aluminum(N03)3 73. 5g, and Co(N03)2 7g in 400 cc of water. It dissolved and the monolith support 
made from cordierite was immersed here. 

[0079] The used monolith support is a commercial item and is number of eels 300 eel / in2 with a 
cylinder with a diameter [ of 36mm ] x height of 40mm. It is a thing, namely, a hole - a number - 
support linch2 per — 300 — it is — the configuration of a hole ~ a square — it is — magnitude — the area 
per piece - expressing - 0.0144cm2 It is extent and is the so-called thing of honeycomb structure. 
[0080] It is 50g about a urea, stirring a solution. It added and the solution was kept at about 95 degrees 
C. It hydrolyzed to homogeneity in about 3-18 hours, and the catalyst component was supported to 
support. 

[0081] Thus, the support in which the support layer was formed was pulled up out of the solution, this 
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was dried at 120 degrees C overnight (about 16 hours), and the monolithic catalyst was acquired, in 
addition, the supported catalyst component - 8g it was . Moreover, mordenite/alumina (weight ratio) 

. was 2. Support lcm2 The amount of support of a hit was 7.7 mg/cm2 (mordenite: 5.1 mg/cm [2 ], 
alumina:2.6 mg/cm2). The acquired catalyst was used after processing under 2-hour nitrogen-gas- 
atmosphere mind at 500 degrees C, 

* [0082] In example 2 example 1, the monolithic catalyst was similarly acquired except changing 
monolith support into the product made from a silica from the product made from cordierite. The used 
monolith support is a commercial item and is number of eels 350 eel / in2 with a cylinder with a 
diameter [ of 36mm ] x height of 40mm. The configuration of a hole is a rectangular equilateral triangle, 
the magnitude of a hole is expressed with the area per piece, and it is 2 0.0125cm. It is the thing of the 
honeycomb structure of extent, in addition, the supported catalyst component - 9g it was . Moreover, 
mordenite/alumina (weight ratio) = it was 2. Support lcm2 Mordenite was [ 5.7 mg/cm2 and the 
alumina of the amount of support of a hit ] 2.8 mg/cm2. The acquired catalyst was used after processing 
under 2-hour nitrogen-gas-atmosphere mind at 500 degrees C. 

[0083] Co mordenite 20g similarly obtained in example 3 example 2, aluminum(N03)3 29.4g, and Co 
(N03)2 2.9g It carried out and also the monolithic catalyst was acquired similarly, in addition, the 
supported catalyst component - lOg it was . Moreover, mordenite/alumina (weight ratio) was 5. Support 
lcm2 Mordenite was [ 7.9 mg/cm2 and the alumina of the amount of support of a hit ] 1.6 mg/cm2. The 
acquired catalyst was processed and used under 2-hour nitrogen-gas-atmosphere mind at 500 degrees C. 
[0084] The titanium nitrate water solution was used as an example 4 metallic-oxide raw material, and 
Co (N03)2 was used as an active metal. The mordenite which supported Co with the same approach as 
an example 1 beforehand was used for the zeolite. The titanium nitrate water solution was obtained as 
follows. Titanium tetra-isopropanal POKISAIDO (TTIPO) and 35g It dissolved in 36 cc iso propylure 
RUKORU (IP A). 280 cc of water was added here, TTIPO hydrolysis was carried out, and the titanium 
water oxide was obtained. 50 cc concentrated nitric acid was added here, titanium water oxide was 
dissolved, and the titanium nitrate water solution was obtained. The concentration of the titanium nitrate 
of this water solution is 0.3 mol/1. It is extent. To this solution, it is Co(N03)2 7g. It dissolved and the 
monolithic catalyst was acquired like the example 2 after that, in addition, the supported catalyst 
component - 3g it was . Moreover, mordenite/titania (weight ratio) was 2. Support lcm2 Mordenite was 
[ 1.9 mg/cm2 and the titania of the amount of support of a hit ] 1 .0 mg/cm2. The acquired catalyst was 
used after processing under 2-hour nitrogen-gas-atmosphere mind at 500 degrees C. 
[0085] The class of zeolite supported example 5 was changed into the potassium mold ferrierite 
(Si/aluminum=17). This potassium mold ferrierite was used as H mold by the same approach as an 
example 1, and the monolithic catalyst was acquired by the same approach as an example 2 below, in 
addition, the supported catalyst component - 15g it was . Moreover, mordenite/alumina (weight ratio) = 
it was 2. Support lcm2 As for the amount of support of a hit, the mordenite of 9.5 mg/cm2 and an 
alumina was 4.7 mg/cm2. The acquired catalyst was used after processing under 2-hour nitrogen-gas- 
atmosphere mind at 500 degrees C. 

[0086] The class of zeolite supported example 6 was changed into commercial H mold mordenite 
(Si/aluminum=15), and the active metal kind supported to a zeolite was changed into silver. It is H mold 
mordenite first 0.2 mol/1 Ag2 (N03) It processed at 90 degrees C with the water solution for 2 hours. At 
this time, a liquid-solid ratio is 3 (volume ratio). It filtered after that, and one evening dried and Ag 
which is an active metal was beforehand supported with 120 degrees C. They are aluminum(N03) 
373. 5g and Ag(N03)2 4g as a metallic-oxide raw material. It dissolved and the monolithic catalyst was 
acquired like the example 2 after that, in addition, the supported catalyst component - 17g it was . 
Moreover, mordenite/alumina (weight ratio) = it was 2. Support lcm2 As for the amount of support of a 
hit, the mordenite of 10.7 mg/cm2 and an alumina was 5.4 mg/cm2. The acquired catalyst was used after 
processing under 2-hour nitrogen-gas-atmosphere mind at 500 degrees C. 
[0087] The class of zeolite supported example 7 was changed into commercial H mold mordenite 
(Si/aluminum=15), and the active metal kind supported to a zeolite was changed into nickel. It is H mold 
mordenite first 0.2 mol/1 nickel2 (NQ3) It processed at 90 degrees C with the water solution for 2 hours. 
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At this time, a liquid-solid ratio is 3 (volume ratio). It filtered after that, and one evening dried and 
nickel which is an active metal was beforehand supported with 120 degrees C. It is aluminum (N03)3 as 

- a metallic-oxide raw material. It was used. They are nickel mordenite 20g, aluminum(N03)2 73. 5g, and 
nickel(N03)2 7g in 400 cc of water. It dissolved and the monolithic catalyst was acquired like the 
example 2 after that, in addition, the supported catalyst component - 1 8g it was . Moreover, 

' mordenite/alumina (weight ratio) = it was 2. Support lcm2 As for the amount of support of a hit, the 
mordenite of 1 1.4 mg/cm2 and an alumina was 5.7 mg/cm2. The acquired catalyst was used after 
processing under 2-hour nitrogen-gas-atmosphere mind at 500 degrees C. 
[0088] The class of zeolite supported example 8 was changed into commercial H mold mordenite 
(Si/aluminum=15), and the active metal kind supported to a zeolite was changed into copper. It is H 
mold mordenite first 0.2 mol/1 Cu2 (N03) It processed at 90 degrees C with the water solution for 2 
hours. At this time, a liquid-solid ratio is 3 (volume ratio). It filtered after that, and one evening dried 
and Cu which is an active metal was beforehand supported with 120 degrees C. aluminum (N03)3 was 
used as a metallic-oxide raw material. They are Cu mordenite 20g, aluminum(N03)2 73.5g, and Cu 
(N03)2 6g to water and 400 cc. It dissolved and the monolithic catalyst was acquired like the example 2 
after that, in addition, the supported catalyst component — 21g it was . Moreover, mordenite/alumina 
(weight ratio) = it was 2. Support lcm2 As for the amount of support of a hit, the mordenite of 13.3 
mg/cm2 and an alumina was 6.6 mg/cm2. The acquired catalyst was used after processing under 2-hour 
nitrogen-gas-atmosphere mind at 500 degrees C. 

[0089] What supported Co was used for the zeolite by the same approach as example 9 example 1. It is 
aluminum (N03)3 as a metallic-oxide raw material. It was used. They are Co mordenite 20g and 
aluminum(N03)3 73. 5g in 400 cc of water. Although it dissolved, it differs in an example 1, and in this 
solution, it is Co (N03)2. It did not add. The monolithic catalyst was acquired like the example 2 after 
that, in addition, the supported catalyst component -- 6g it was . Moreover, mordenite/alumina (weight 
ratio) = it was 2. Support lcm2 As for the amount of support of a hit, the mordenite of 3.8 mg/cm2 and 
an alumina was 1.9 mg/cm2. The acquired catalyst was used after processing under 2-hour nitrogen-gas- 
atmosphere mind at 500 degrees C. 

[0090] It carried out like the example 2 except having changed into gamma-alumina from the zeolite the 
solid-state catalyst supported example 10. Gamma-alumina is 0.1 mol/1 beforehand. Co2 (N03) It 
processed at the room temperature with the water solution for 30 minutes. At this time, a liquid-solid 
ratio is 3 (volume ratio). It filtered after that and one evening dried at 120 degrees C. This gamma- 
alumina was ground and it was used as powder, in addition, the supported catalyst component - 15g it 
was . Moreover, support lcm2 The amount of support of a hit was 14.2 mg/cm2. The acquired catalyst 
was used after processing under 2-hour nitrogen-gas-atmosphere mind at 500 degrees C. 
[0091] It carried out like the example 9 except having changed into gamma-alumina from the zeolite the 
solid-state catalyst supported example 1 1. Co support to gamma-alumina was performed by the same 
approach as an example 10. in addition, the supported catalyst component - 16g it was . Moreover, 
support lcm2 The amount of support of a hit was 15.2 mg/cm2. The acquired catalyst was used after 
processing under 2-hour nitrogen-gas-atmosphere mind at 500 degrees C. 

[0092] The solid-state catalyst supported example 12 was changed into niobium oxide from the zeolite. 
Niobium oxide is 0.1 mol/1 beforehand. Co2 (N03) It processed at 90 degrees C with the water solution 
for 2 hours. At this time, a liquid-solid ratio is 3 (volume ratio). It filtered after that and one evening 
dried at 120 degrees C. It is aluminum (N03)3 as a metallic-oxide raw material. It was used. They are 
20g of niobium oxide, aluminum(N03)3 73. 5g, and Co(N03)2 1 .5g in 400 cc of water. It dissolved and 
the monolithic catalyst was acquired like the example 2 after that, in addition, the supported catalyst 
component - 9g it was . Moreover, niobium oxide/alumina (weight ratio) = it was 4. Support lcm2 As 
for the amount of support of a hit, the niobium oxide of 6.8 mg/cm2 and an alumina was 1.7 mg/cm2. 
[0093] The solid-state catalyst supported example 13 was changed into niobium oxide from the zeolite. 
Niobium oxide is 0.3 mol/1 beforehand. Co2 (CH3 COO) It processed at 90 degrees C with the water 
solution for 2 hours. At this time, a liquid-solid ratio is 3 (volume ratio). It filtered after that and one 
evening dried at 120 degrees C. It is aluminum (N03)3 as a metallic-oxide raw material. It was used. 
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They are 20g of niobium oxide, aluminum(N03)3 73. 5g, and Co(CH3 COO)2 1 .3g in 400 cc of water. It 
dissolved and the monolithic catalyst was acquired like the example 2 after that, in addition, the 
- supported catalyst component — 15g it was . Moreover, niobium oxide/alumina (weight ratio) = it was 4. 
Support lcm2 As for the amount of support of a hit, the niobium oxide of 1 1 .4 mg/cm2 and an alumina 
was 2.8 mg/cm2. 

[0094] The same Co mordenite as what was used in the example of comparison 1 example 1 was used, 
alumina sol (1 micrometer of mean diameters extent) was used as the binder, and the catalyst was 
prepared by the wash coat method. Slurry concentration is Co mordenite 20g so that it may become the 
same as an example 1. Alumina sol lOg It distributes in 400 cc of water, and is Co(N03)2 7.1g here. 
The wash coat was performed using the added slurry. The used honeycomb is the monolith support 
made from the cordierite of an example 1 and the same type, the supported catalyst component - 3g it 
was . Support lcm2 The amount of support of a hit was 3.3 mg/cm2. The acquired catalyst was used 
after processing under 2-hour nitrogen-gas-atmosphere mind at 500 degrees C. 
[0095] The wash coat was performed by slurry which becomes about 13 times as many slurry 
concentration as this to the example 1 of example of comparison 2 comparison. The same Co mordenite 
60g as what was used in the example 1, and alumina sol 30g It distributes in 90 cc of water, and is Co 
(N03)2 21.3g here. The wash coat was performed by the added slurry. Co mordenite in this slurry, 
alumina sol, and Co(N03) 2 The weight ratio is the same as the example 1 of a comparison. However, a 
slurry did not distribute and the wash coat was not able to be performed. 

[0096] It carried out similarly to the example 2 of a comparison except having set to 120 cc the amount 
of the water added example of comparison 3. The slurry concentration at this time is 10 times the 
example 1 of a comparison, the supported catalyst component - lg it was . The acquired catalyst was 
used after processing under 2-hour nitrogen-gas-atmosphere mind at 500 degrees C. 
[0097] Co mold mordenite 150g used in the example of comparison 4 example 1, and silica gel (mean 
particle diameter of about 1 micrometer) 142g Alumina sol 8g It is aluminum (N03)3 in order to 
distribute in 300 cc of water and to adjust pH to about 4. lOg It supported to the honeycomb by the wash 
coat method using the added slurry. The used honeycomb is the monolith support made from the silica 
of an example 2 and the same type, the supported catalyst component ~ lOg it was . Support lcm2 The 
amount of support of a hit was 9.5 mg/cm2. The acquired catalyst was used after processing under 2- 
hour nitrogen-gas-atmosphere mind at 500 degrees C. 

[0098] They are 50g, 47g, and 3g, respectively about the same Co mordenite as what was used in the 
example 4 of example of comparison 5 comparison, silica gel, and alumina sol. It distributes in 50 cc of 
water, and is Co(N03) 27.4g here. It supported to the honeycomb by the wash coat method using the 
added slurry. The used honeycomb is the monolith support made from the silica of an example 2 and the 
same type, the supported catalyst component - 14g it was . Support lcm2 The amount of support of a 
hit was 13.3 mg/cm2. However, a hole was not able to carry out lifting use of the blinding. 
[0099] in addition, the particle size of the zeolite used in the above, gamma-alumina, and niobium oxide 
— 1-1000 micrometers it was . 

[0100] The following denitrification trials were performed about the monolithic catalyst acquired in 
example 14 example 1 and the examples 1 and 3 of a comparison. 

[0101] The denitrification trial used the exhaust gas of a diesel power plant, space-velocity 
SV=20000/hr and a reducing agent used the propane, and the weight of NOx in exhaust gas (NO 
conversion) threw them in 3 times, and they were performed. The presentation of the exhaust gas at this 
time is NOx. ; About 1 100 ppm, 02 ; About 8 vol(s)%, SOx ; About 15 ppm, H2 O; it is about 7 vol 
(s)%. Moreover, the temperature of exhaust gas is as being shown in Table 1, and asked for the rate of 
denitrification under such conditions. A result is shown in Table 1. 
[0102] 
[Table 1] 
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[0103] The effectiveness of this invention is clearer than Table 1. 

[0104] Compared with this invention, the amount of support decreases also considering slurry 
concentration as the same conditions by the wash coat method. Moreover, by the wash coat method, 
even if it is going to make [ many ] a support layer and makes slurry concentration high, the amount of 
support does not necessarily increase with a concentration rise. It becomes impossible moreover, for 
slurry preparation to become impossible if slurry concentration is made high, or for the hole of a 
monolithic catalyst to start and use loading by the wash coat method. Since this invention passes through 
a hydrolysis reaction, it is thought of because formation of a uniform support layer becomes easy 
compared with the wash coat method that the amount of support can be made [ many ] in this invention. 
Thus, as a result of forming a uniform support layer, it is thought that catalytic activity also improves. 
[0105] In addition, when the denitrification trial was performed like the above using the monolithic 
catalyst of examples 2-13, the same good result as an example 1 was obtained. On the other hand, the 
monolithic catalyst of the usable example 4 of a comparison showed only about three example [ of a 
comparison ] low catalytic activity. Moreover, in the above, even if it changed the reducing agent to n- 
heptane besides gas oil and a certain fuel which was and carried out the claudicaton, or n-dodecane, the 
same inclination was shown. 

[0106] The following adhesion tests were performed about the monolithic catalyst acquired in example 
15 example 1 and the example 1 of a comparison. The trial wound the cellophane tape around the whole 
monolithic catalyst, and compared it in the amount of catalysts which exfoliated when a cellophane tape 
was removed. A result is shown in Table 2. 



[0107] 
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[0108] The effectiveness of this invention is clearer than Table 2. 

[0109] In addition, when the adhesion test with the same said of the monolithic catalyst of examples 2- 
13 was performed, the result equivalent to an example 1 was shown. On the other hand, in the 
monolithic catalyst of the examples 3-5 of a comparison, it was equivalent to the example 1 of a 
comparison, and was what is inferior to adhesion in each. 
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[0110] 

[Effect of the Invention] According to this invention, the catalyst which supported the catalyst 
- component with far low slurry concentration uniformly and firmly to the carrier surface compared with 
the usual wash coat method can be offered by passing through a chemical reaction called uniform 
hydrolysis in water solutions, such as a metal salt. Moreover, it is possible to use the propane which is a 
fuel, and gas oil for a reducing agent. 



[Translation done.] 
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